The survival rates of patients suffering from various childhood neoplasms have improved dramatically with the advent of chemo-radiation therapy. The harmful effects of chemo-radiation therapy in the oro-facial region such as root agenesis, short roots, impaired amelogenesis, dentinogenesis, radiation caries, and other soft tissue pathologies are well recognized. In spite of these documented risks, the antineoplastic treatment modalities continue to serve the patient for overall improvement in survival and quality of life. However, a thorough understanding of the growth and development process and its relation with the complex antineoplastic treatment is very important for all clinicians. Such awareness could signifi cantly improve the status of patients in the posttreatment period with the implementation of proper preventive and interceptive measures. This article intends to document a case of root agenesis that developed secondary to chemo-radiation therapy in a 12-year-old girl.
Normal dental development begins in utero and completes once the roots of the third permanent molars have developed in early childhood. Chemotherapy-induced developmental anomalies of tooth occur when the patient is treated before the age of six. [3] The degree of damage to developing teeth and bone depends on the timing, duration, and severity of the insults. [4] We present the case of a girl who underwent chemo-radiation therapy for rhabdomyosarcoma (RMS) of the nose.
Rhabdomyosarcoma
Rhabdomyosarcoma is a malignant tumor arising from the skeletal muscle cells and is most commonly seen in children who are between the ages of 1 and 4. It is uncommon in infants and is rarely seen in the
Introduction
Neoplasms in childhood are rare, affecting 1 in 600 children during the fi rst 15 years of life. [1] The primary treatment modalities are surgery, irradiation, and chemotherapy. Standard treatment protocols and recent advances have greatly improved survival rates of cancer in childhood. Chemo-radiation therapy is an important tool in pediatric oncology and can be considered as a double-ended sword as it is known to damage the soft tissues, respiratory, cardiovascular, skeletal, and endocrine systems. It is also known to cause tooth agenesis, shortening of roots, microdontia, hypodontia, altered eruption patterns, coronal hypocalcifi cation, and early apical closure. These complications have signifi cant adverse effects on the patient's quality of life post-treatment.
adults. No clear etiologic factor has been identifi ed. Three histologic variants have been described, namely embryonal, alveolar, and pleomorphic. The common sites of occurrence are head and neck region (40%), followed by genito-urinary tract (25%), extremities (20%), and para meningeal sites (15%). [5] The drugs employed to tackle RMS include adriamycin, dactinomycin, vincristine, actinomycin D, cyclophosphamide, ifosfamide, and VePesid. Radiation therapy along with chemotherapy inhibits the growth of rapidly dividing cancer cells. [6] In spite of advances in the fi eld of surgery and chemo-radiation therapy, the recurrence of 30% RMS has been observed. The prognosis depends on several factors including initial diagnosis, histologic subtype, and stage. [7] With the advent of combined surgical, chemo-and radiotherapeutic management of RMS, the 5-year survival rate is approximately 85%. [8] Case Report A 12-year-old girl was referred to the Department of Pediatric Dentistry by a private dental practitioner. On extraction of an abscessed mandibular fi rst permanent molar, he found the tooth rootless. The child had undergone chemo-radiation therapy for embryonal RMS of the nose when she was 4 years old, for which she was administered cyclophosphamide, vincristine, and actinomycin D, followed by radiation therapy over a period of 4 months. After this therapy, she has been relatively free of any symptoms.
On clinical examination, the child appeared short for her age and had a mild mid-face defi ciency [ Figures 1 and 2 ]. Intraoral examination revealed extensive caries involving all the teeth including the maxillary incisors [ Figure 3 ]. Skeletal disturbances were ruled out from hand wrist and chest radiographs. The panoramic radiograph revealed total agenesis of the roots of all the teeth except the maxillary and mandibular incisors [ Figure 4 ]. Endodontic treatment was performed on multiple teeth with pulpal involvement, and a mutilated maxillary premolar was extracted [ Figure 5 ]. Since most of her teeth were shortrooted and carious, a treatment plan was formulated to conserve them with restorations and go for a prosthetic rehabilitation at a future date.
Discussion
Dental development is a long process and is subjected to many external and internal infl uences. [5] Amelogenesis and dentinogenesis are affected by radiation when it is directed at or near the mouth. Teeth located along the edge of the radiation fi eld receive 45% of the administered dose. [9] Radiation directed at distant areas of the body has no signifi cant effect on the dental development. [10] In a study of 68 long-term survivors of childhood cancer, Jaffe et al. found that 82% of patients receiving maxillofacial radiation exhibited dental anomalies. However, the description of such cases and their management is sparse in the literature. [9] Suffi ciently, high-radiation doses cause death of ameloblasts and odontoblasts regardless of their position in the cell cycle. Partially formed teeth have their remaining development halted, resulting in root agenesis. [11, 12] Short-, medium-, and long-term effects of radiotherapy and antineoplastic therapy have been summarized in Tables 1 and 2 . [13] The effects of direct irradiation of bone, soft tissues, and blood vessels are dose related and have their most profound effects in rapidly growing patients (children younger than 6 years and those undergoing puberty). In addition, the compromised blood supply to these areas from progressive endarteritis may lead to osteoradionecrosis although this complication is rare in children. [14] Irradiation to the central nervous system may reduce hypothalamic-pituitary function, resulting in diminished production of growth hormone and thyroid-stimulating hormone. This may in turn adversely affect odontogenesis and craniofacial development. [4, 5] Diminished root surface area due to radiation exposure is the reason for early tooth loss. [14] Vincristine and vinblastine disrupt cytoplasmic microtubules of the intracellular transport system. Vinca alkaloids destroy the ruffl ed border and smooth-ended ameloblasts resulting in hypomature enamel defects. [4, 5, 14] Because of the short half-life of the chemotherapeutic agents, dental defects are localized. Repetitive high doses of some agents may result in root agenesis. [12] A panoramic radiograph may be indicated as a routine part of a child's pre-oncology dental treatment care plan. Post-chemo-radiation therapy radiographs indicate the severity of dental damage and provide retrospective clues as to the stage of dental development during chemo-radiation therapy. A thorough assessment of the potential complications of each therapy, the experience of the surgeon, oncologist, radiotherapist, and the personal preferences of the patient are important factors that will infl uence the fi nal outcome of the treatment. [12] Technical advances such as hyperfractionation, brachytherapy, intensity-modulated radiotherapy, image-guided radiotherapy, and smaller fi elds reduce the size of the high-dose fi eld of irradiation and limit the exposure of adjacent vital structures. Newer developments in radiotherapy such as radiosensitizers, radioprotectors, and use of heavy particles (i.e., neutrons) promise to provide a more focused distribution of cellular damage with minimal damage to adjacent healthy tissue. [15] 
Conclusion
The number of children affected by cancer is gradually increasing. This paper highlights the importance of dental procedures for supportive care in such patients. The deleterious effects of chemo-radiation therapy on the dental and craniofacial structures must be understood by the multidisciplinary team. Prevention and reduction of these complications is possible and should be an integral part of treatment for head and Table 3 ]. [16] Frequent dental followup and continued surveillance of the oral cavity are of utmost importance in the management of these conditions.
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